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© Process for the preparation of formic add. 

© An integrated process for the production of formic acid 
from carbon dioxide and hydrogen is provided. The process 
comprises for example, a reactor in which the formate salt of 
a nitrogenous base is produced together with subsequent 
purification and formic acid recovery stages. In the process 
described formic acid is recovered from the formate salt by 
using a base interchange reaction in which there is gener- 
ated a thermally decomposable formate salt of a high boiling 
base. The high boiling base can be for example an imidazole 
end the nitrogenous base can be triethylamine. 
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ppnrass FOR THE PRE PARATION OF FORMIC ACID 

The present Invention provides s process for the production of 
formic acid from carbon dioxide and hydrogen using an integrated 
series of process steps. 

Our European patent applications 0095321 and 84301772.4 
5 respectively describe a method for the production of a 

trialkylammonium formate from a tertiary amine, carbon dioxide and 
hydrogen and a method for converting the trialkylammonium formate 
into another formate salt which is thermally decomposable to formic 
acid* 

10 An integrated process has now been devised which allows formic 

acid to be prepsred from carbon dioxide and hydrogen feedstocks 
only. 

Accordingly, the present invention provides an integrated 
process for the production of formic scid from carbon dioxide and 
15 hydrogen characterised in that 

(a) in s first stsge a nitrogenous base, carbon dioxide and 
hydrogen are reacted together in the presence of a catalyst to 
produce a formate salt of the nitrogenous base. 

(b) in a second stage the catalyst is removed from the formate salt 
20 of the nitrogenous base and any low boilers and recycled to the 

first stsge; 

(c) in a third stage the formate salt of the nitrogenous base is 
recovered from the low boilers. 

(d) in s fourth stage the formate salt of the nitrogenous base is 
25 reacted with a base having a high boiling point to produce the 
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nitrogenous base and the formate salt of the base having a high 
boiling point. 

(e) in a fifth stage the formate salt of the base hsving a high 
boiling point is decomposed to the higher boiling base and 
formic acid. 

By the tern nitrogenous base is meant a nitrogenous base 
containing a tertiary nitrogen atom. The nitrogenous base 
containing a tertiary nitrogen atom may suitably be of formula 

-r2 CD 




or of formula: 

(ID 




, vherein in the formulae. »*. R 2 and «?. which may be the same 
or different, are hydrocarbyl groups or substituted hydrocarbyl 
groups or any two or all of E». R 2 and r3 may form part of a 
ring, R* is a hydrocarbyl group or substituted hydrocarbyl group 
and R5 is a divalent organic group or R« and R* may form part of 
0 a ring. Suitably the hydrocarbyl group is an aliphatic, 
* cycloaliphetic, aryl, or alkaryl group. Substituted hydrpcarbyl 
groups may contain for example nitrogen or oxygen. Preferably the 
organic base is a trialkylamine, even more preferably a lower 
trialkylamine. for example a C x to C 10 triallcylamiue. Examples 
•5 - of suitable trialkylamines are trlmethylamine , triethylamine, 

tripropylamine and tributylamine. Examples of other nitrogenous 
oases which may be employed are l,8-diazabicydo[5 .4.0,undec-7-ene 
(DBU) and l,4-diazabicyclol2.2.2]octane (DABCO). pyridines and 
picolines. Mixtures of nitrogenous bases may also be used. 
30 The formate salt produced in the first stage of the process 

corresponds to the nitrogenous base used in this stage. Thus using 
triethylamine the product is triethylammonium formate. 

As regards the base having a high boiling point, this is 
suitably also a nitrogenous base and is selected so that 
35 (1) it is weaker than the nitrogenous base used in the first stage 
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of the process. 

(2) its formate salt is thermally decomposable at a temperature 

higher than the boiling point of the nitrogenous base used in 
the first stage of the process, and 
5 (3) it is less volatile than the nitrogenous base used in the first 

stage of the-process. .. _ - . . _ . _. 

It will be seen from these criteria that the exact choice of 
such a base will depend upon which nitrogenous base is used in the 
first stage of the process. 
10 Preferably the second base has a pl^ in the range 4.0 to 9.0 

and is an imidazole of the general formula: 

* N 

^jjj R 2 (I) 

N ' 

15 k x 

where K\ is a monovalent hydrocarbon group containing 1 to 12 
carbon atoms and R 2 is a hydrogen atom or an Ri group, the total 
number of carbon atoms and R} and R 2 conveniently being not more 
than 20 and preferably from A to 12. 
20 Suitable hydrocarbon radicals on the Imidazole derivatives (I) 

are, in general, alkyl groups of 1 to 8 carbon atoms, cyclopentyl, 
cyclohexyl, phenyl and methylphenyl groups. Amongst the above, 
imidazole derivatives where is n-.l^alkyl of 4 to 10 carbon 
atoms and R 2 is hydrogen Q r methyl are particularly suitable. 

25 Examples of such compounds are l-(n-l-butyl)- imidazole (pKa 5.9), 
l-(n-l-pentyl)- Imidazole (pKa 5.9), l-(n-l-decyl>- imidazole (pKa 
5.75), l-(n-l-butyl)-2-methylimidazole (pKa 7.0) and 
l-(n-l~pentyl)-2-methylimidazole (pKa 6.85). 

In addition to imidazoles, quinoline and other heterocyclic 

30 nitrogenous bases can be used. 

For a definition of the pKa values, which are a measure of the 
base strength, reference may be made, for example to 
Landoldt-Bornstein, 6th edition, 7th part volume II, page 900 et 
seq. 

35 As catalyst there is used a compound of a Group VIII transition 
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««!. which is either iron, nickel, ruthenium, rhodium, 
iridium or platinum. Suitably the metal is mthenium or rhodium and 
is preferably ruthenium. Mixtures of compounds of different 
transition metals may also be used if so desired. The metal or 
metals may be added in any convenient form which is soluble In the 
reaction mixture. Thus the metal or metals may be added In the or- 
of a simple salt, for example a halide. or in the form of a complex, 
for example a hydride complex. Examples of suitable ruthenium 
compounds which may be employed as catalyst are RuCl 2 (PPh 3 )3 • 
0 RuH 2 (PPh 3 ) 4 , BuHCl(PPb 3 )4, RuCl 3 .3H 2 0. [R«(C0) 2 Cl 2 ] n , l*»(C0) 2 I 2 ] 2 , 
lp -cymene)R«Cl 2 ] 2 , t (hexamethylbenzene)RuCl 2 } 2 and 

( hexamethylben,ene)Ru 2 (OH) 3 Cl. Suitably the catalyst concentration 
H y be in the range 50 to 5000, preferably from 250 to 1000 parts 
per million by weight (as the metal in the complex). 
l5 The operation of the process is now described with reference to 

the Figure, which illustrates a schematic example of a plant using 
the process* 

A recycle stream containing the nitrogenous base and water is 
fed via line (4) to the first stage, reactor (6), along with three 
20 otheTTtreams. (a) a hydrogen stream (via line (8», (b) acarhon 
di cxide stream (via line (10)) and (c) a catalyst stream (vi* Una 
C l 2) ). The catalyst stream preferably comprises a solution of the 
catalyst in a high boiling point solvent. 

It is important that the high boiling solvent is selected so 

25 (^ the catalyst is soluble in the recycle stream (12) (ie the 
solvent acts as a catalyst carrier), 
(ii) the solvent does not adversely affect the activity of the 
catalyst in the reaction stage (6) and, 

„ . produced in the first stage 

3 0 (iii)the nitrogenous base formate proauceu 

can readily be separated from the solvent. 

The high boiling solvent may be for example either one or more 

^Examples of solvents include, diethylene glycol, tetraethylene 
35 glycol, polyethylene glycol. 1- phenyl- 1-propanol and 
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3-phenyl-l-propanol. Sulpholanes can alao be used. It la preferred 
to uee as solvent either 

tetraethylene glycol or polyethylene glycol (average MW 400). In 
the reactor (6) It Is preferable though not essential also to have 

5 some water present as this increases the reaction rate* 

Thje reactor (6) is suitably operated at a temperature in the 
range- from 20 to 200° , preferably from 60 to 130°C. 

The carbon dioxide may either be carbon dioxide itself, which 
is widely available on an industrial scale, or a carbon dioxide 

10 obtained from a carbonate or a bicarbonate sources. Alternatives 
carbonates or bicarbs can be used directly* Carbon dioxide may be 
used as a gas or as a liquid or as a solid. Using carbon dioxide 
gas as the source of carbon dioxide it it preferred to use partial 
pressures of carbon dioxide and hydrogen which are as high as is 

IS practicable and economic. The use of high partial pressures of 
hydrogen is desirable because the reaction rate and yield of the 
formate salt Increase as the partial pressure increases. The 
partial pressure of carbon dioxide is less critical but suitably the 
carbon dioxide partial pressure may be up to 60 bar and the hydrogen 

20 partial pressure up to 250 bar. 

Conveniently the partial pressure of carbon dioxide is from 10 
to 50 bar and that of hydrogen from 10 to 150 bar. The ratio of the 
partial pressure of hydrogen to that of carbon dioxide in reactor 
(6) is preferably at least 1:1 more preferably at least 1.5:1. 

25 The product from the first stage reactor comprises unreacted 

materials, the formate salt of the nitrogenous base and catalyst in 
a water/high boiling solvent mixture. This product from the first 
stage reactor (6) is fed via line (14) to a second stage (16) where 
the catalyst and the high boiling solvent are removed. 

30 The second stage (16) may suitably comprise: 

(a) an evaporator, where (i) the catalyst and the high boiling 

solvent are separated and recycled to the first stage reactor 
(6) via line (12) and (ii) the gaseous components are separated 
and recycled via line (18) followed by 

35 (b) a unit for the separation of unreacted nitrogenous base and 

5 
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i ~i« une fl8)) from the formate salt of 
water (also for recycle via line {i°>J 

v«„ e This may take the form of (i) e decanter 
the nitrogenous hase. This may 

(to separate any aqueous and organic phases) or (ii) a 

, , The formate salt of the nitrogenous base 

distillation column. Tne xora»«-«* 

is removed from the second stage via line (22). 

iLrnatively the second stage (16) can he a distillation tower 
where the gaseous componets i.e. carhon dioxide, hydrogen and the 
low boilers, i.e. the nitrogenous base and some water are removed 
overhead and the intermediate boilers i.e. the formate salt of the 
Ttlo enous base and some water are removed at an interme d iate point 
i„ the column via line (22). The gaseous products and low boilers 
are recycled via line (18) while the non volatile catalyst/high 
Coiling solve^mixtures recycled as a liouid to the first stage 
reactor (6) via line (12). 

..It of th. oitrog.noo. « «- <"> " *» _ 

It... C«> *lc» c »..i.t lor .< • r..otioo 1-tU. -th . 

di.tlll.tlo ^ ^ ttpI<>prl , t . 

, r^T^Ul "p.— 4* »-<*»• Py maintaining the 

wlch th. «.ult th.t to. oltr^nou. h... 1. «d th. 

f L.t. ..It Of th. ha.o • hlah hollin. P.l»t 1. f.x-d. Th. 

^trog.~o. »»« 1. t-ov.o ov.rh..d 1. th. oi.tlll.tl.. oolo~ -d 
5 ?Z2« * 11- OO that.* drlvln, th. h... l„t.toh. M o t„otio. 

to oo-pxo^oo. Th. ptodoot. -hich oo.Pt!... a -lotion of th. 

£o „.ta ..U .1 th. h... havla. . hUh homo* poiot » 

tL hota. vi. ii« w «- » *• *~* -* flMl t: ( ; 

Th. «.t7.f th. haa. intarcha... r..otion 1= th. third «... 1. 
,0 i.or«.«d h, ..log hl 8 h to.pot.tor.. .... o« gr.otot th.o th. 

t"li« point ol th. nltto 8 ooou. h... and .oh.to.aph.rio pr...or.. 

it 1. pr.£.rred thorelor. to ... » hl.h . t»p.r.t.r« a. 

p„..lhl...ltho.t prodoolog ood..ir.hl. d.o.»po.ltl.. prodoot., .»d 

to ».. .. lo» . dl.tlU.tloo pr...«r. M 1. .oon»lo.lly 
35 practicable. 
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In the fourth stage. (30) the feed from line (28) is heated to a 
temperature at which the formate salt of the base having a high 
boiling point decomposes to formic acid and the base having a high 
boiling point. It is preferable to use subatmospheric pressure to 
5 reduce the formation of side products. The formic acid is removed 
overhead via line (32) and can be further purified if desired while 
the remaining solution of the high boiling base is recycled to line 
(22) via line (20). 

The recycle components are fed via line (18) and line (26) to a 
10 gas scrubber (2). The gas scrubber is an optical feature. Inside 
the gas scrubber (2) the recycle components are contacted with 
carbon dioxide in the form of a gaseous stream fed via line (3A) and 
vented via line (36). The gaseous stream of carbon dioxide can be, 
for example 

15 (1) low value carbon dioxide from another plant such as a 
fermentation process or boiler flue. 

(2) a carbon dioxide containing off-gas from another part of the 
process, 

(3) carbon dioxide derived from a unit specifically designed for 
20 the manufacture of carbon dioxide. 

(A) carbon dioxide produced by a plant which makes CO2 as a 
byproduct. 

(5) carbon dioxide from a gas field. 

In the gas scrubber (2), some or all of the carbon dioxide 
25 present in the gaseous stream is removed and solubilised in the 

recycle components. 

During the solubilisation of the gas, the carbon dioxide reacts 

with the nitrogenous base and water present in the recycle 

components to produce at least in part, bicarbonate of the 
30 nitrogenous base. This bicarbonate provides a useful method of 

carrying carbon dioxide via line (4) to the first stage reactor (6) 

where it is also converted to the corresponding formate. 

The invention is illustrated by the following Examples. 

Example 1 - Production of Trie thy lammonium Formate 
35 a liquid feed of composition 21. 9X w/w triethyl amine, 76. 4% w/w 
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tetraethylene glycol with 1.7% w/w water containing ruthenium 
catalyst (500 parts per Billion in ruthenium) was introduced into a 
one litre stirred stainless steel reactor at a rate of 
2000 ml/hour. Liquid carton dioxide was slso introduced at 
232g/hour and hydrogen fed to keep the pressure of the reactor at 
100 har; a liquid product was taken from the reactor in order to 
keep the reactor inventory as near to 500g as possible. A 2.67 hour 
mass accountability study was carried out following a 5.0 hour 
prerun to establish steady operating conditions. During the balance 
period, 5199g feed were introduced and 5 774g of liquid product 
obtained. The reactor productivity was estimated as 6.2 moles/Kg 
reactor charge/hour. The reactor product contained triethylammonium 
formate (20.9X w/w as a 1:1 adduct). 
Example 2 - Base Interchange Reaction 

A feed of composition 63. 4X w/w 1-n-butylimidazole, 34.8X w/w 
triethylammonium formate UNEt 3 ] [HC0 2 H) 2 ). 1.8% w/w water was 
introduced into a distillation column (set for total take-off) at a 
kettle temperature of 178°C and atmospheric pressure. During s maas 
accountability study following a pre-run to achieve steady operating 
conditions, 1940.9g of feed were introduced, and 858.2 and 160.7g of 
base and overhead products obtained. Analysis of the feed and 
products showed the following respective Z w/w' s of triethylamine 
(present in the feed as the formate) and 1-n-butylimidazole (present 
in the product as the formate). Feed 18.7 and 63.4, Base product 
2.9 and 76.2 and Overhead product 91.0 and 0.1. 
Example 3 - Base Formate Dec omposition 

A feed of composition 93.5% w/w 1-o-butylimidazolium formate, 
4.7X w/w 1-n-butylimidazole and 1.8X w/w water was introduced into s 
distillation column at 185°C and 150 mm Hg. A reflux ratio of 0.5 
was employed. During a mass accountability study of 1 hour, 
following a pre-run to achieve steady operating conditions, 436. 6. g 
of feed were introduced and 382.0 and 71. 7g of base and overhead 
products obtained. The base and overhead products contained 
respectively 17.5 w/w formic acid (present as 1-n-butylimidazolium 
formate) and 88.0X w/w formic acid. 
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Claims: 

1. An Integrated process for the production of formic acid from 
carbon dioxide and hydrogen characterised in that 

(a) in a first stage a nitrogenous base, carbon dioxide and 
hydrogen are reacted together in the presence of a catalyst to 

5 produce a formate salt of the nitrogenous base. 

(b) in a second stage the catalyst is removed from the formate salt 
of the nitrogenous base and any low boilers and recycled to the 
first stage; 

(c) in a third stage the formate salt of the nitrogenous base is 
10 recovered from the low boilers; 

(d) in a fourth stage the formate salt of the nitrogenous base is 
reacted with a base having a high boiling point to produce the 
nitrogenous base and the formate salt of the base having a high 
boiling point. 

15 (e) in a fifth stage the formate salt of the base having a high 
boiling point is decomposed to the higher boiling base and 
formic acid* 

2. An integrated process as claimed in Claim 1 characterised in 
that the first stage is carried out in the presence of a high 

20 boiling solvent and that in the second stage the catalyst is removed 
and recycled as a solution in the high boiling solvent. 

3. An integrated process as claimed in Claim 2 characterised in 
that the high boiling solvent is selected from diethylene glycol, 
tetraethylene glycol, polyethylene glycol, 1- phenyl- 1-propanol and 

25 3-phenyl- 1-propanol. 
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A. An integrated process as claimed in Claim 1 or Claim 2 
characterised in that the catalyst is a ruthenium catalyst. 

5. An integrated process as claimed in Claim 1 or Claim 2 
characterised in that the nitrogenous base is a Cj to Ci 0 
trialkylamine. 

6. An integrated process as claimed in Claim 1 or Claim 2 
characterised in that the base having a high boiling point is an 
imidazole or a quinoline. 

7. An integrated process as claimed in Claim 1 or Claim 2 
characterised in that the fourth stage is carried out at temperature 
above the boiling point of the nitrogenous base and subatmo spheric 
pressure* 

8* An integrated process as claimed in Claim 1 or Claim 2 
characterised in that the fifth stage is carried out at 
subatmospherlc pressure. 
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